Abstract. This study investigated the viability of embryos from non-stimulated 2-3-month-old calves generated in vitro using oocytes from follicles of defined size in terms of their ability to produce fullterm pregnancies. Ablation of follicles ≥4 mm was used to induce the emergence of a new follicular wave, and calves (n=3) were laparoscopically punctured three times at 7-day-intervals to recover cumulus-oocyte-complexes (COCs) from follicles >8 (group A) and between 4-8 mm (group B). Calves were aged 49, 56, and 80 days, respectively, at first recovery. Morphologically intact COCs were subjected to in vitro maturation, fertilization, and embryo culture, and compact morulae/ blastocysts were transferred on day 7 post-insemination to synchronized virgin heifers. Blood typing was used for maternity analysis. A total of 29 COCs were recovered, 21 cultured, yielding 11 cleaved embryos (52.4%) and 6 compact morulae/blastocysts (28.6%). No differences were observed between groups. Transfer of the 6 embryos to 5 recipients resulted in three pregnancies (one from group A and two from group B). Two normal male offspring (both from group B), with birth weights of 44 and 51 kg, were born, and two donor calves, aged 56 and 59 days, were identified as the dams. In conclusion, the results demonstrate that embryos generated in vitro from oocytes from non-stimulated calves at an age younger than two months are viable in terms of their ability to produce full-term pregnancies, and suggest that the viability of calf embryos is not related to follicle size.
is suggested to be ultimately necessary to achieve a certain degree of viability in calves of younger age [12] . However, in a few studies, blastocysts have been produced from oocytes of young calves without prior superstimulation [15] [16] [17] .
Results for the viability of calf embryos after transfer to adult recipients are controversial. Early et al. [15] and Armstrong et al. [18] reported calving rates essentially similar to those expected for in vitro produced embryos from adult cows. However, in other studies, the number of offspring derived from calf embryos was reduced [4, [19] [20] [21] [22] , and recipients either failed to establish pregnancy [19, 22] or exhibited a high rate of pregnancy loss [4, 16] . It has been hypothesised that the reduced viability of calf embryos in terms of their ability to produce full-term pregnancies is due to the lower developmental competence of the oocytes [4] . Recently, it has been shown that the developmental competence of oocytes from non-stimulated 1-4-month-old calves is related to follicular diameter, and oocytes from >8 mm follicles exhibited the highest developmental competence, reaching a blastocyst rate of >60% on day 7 post-insemination [17] . This study reported preliminary results on the viability of embryos from non-stimulated 2-3-month-old calves generated in vitro from oocytes from follicles of defined size in terms of their ability to produce full-term pregnancies.
Materials and Methods

Animals
All experimental procedures involving animals in this study were approved by the Authorities for Animal Use and Care of the Land of Saxony, Germany. Three female Holstein calves with an average body weight of 67.8 ± 7.8 kg and at the ages of 29, 39, and 60 days were transported to clinic facilities. The calves were kept individually in fully st ra w bedd ed pens, fed milk at a ratio of approximately 8-10% of body weight, and allowed to acclimatize for a few days prior to study.
Ultrasonographic examination
Ultrasonographic examinations of the ovaries were performed transrectally using the HS 120 HONDA Electronics ultrasound equipment and a 7.5 MHz linear transducer (Honda Electronics Co., Ltd., Tokyo, Japan). Examinations started a few days after relocation and were performed once daily until the end of the experiment. Prior to first puncture, calves were checked for the exhibition of a wave-like pattern of follicular growth [23] . Scanning between successive punctures was done to assess follicular wave emergence and to check that all calves were in the follicular stage of dominance, i.e. had a follicle >8 mm at the time they were punctured for the recovery of cumulusoocyte-complexes (COCs).
Laparoscopic recovery of COCs
Ablation of all follicles ≥4 mm was performed by laparoscopic puncture to induce synchronous emergence of a new follicular wave [24] [25] [26] . Thereafter, all calves underwent three subsequent puncture sessions in 7-day-intervals to recover COCs from follicles >8 and between 4-8 mm. The 7-day-interval was chosen because previous studies have shown that after ablation, the largest (dominant) follicle reaches a diameter >8 mm approximately 7 days after ablation [24, 25] . Calves were always punctured consecutively on the same day within a three hour period. They were aged 49, 59, and 80 days, respectively, when first punctured for COC recovery. Laparoscopic puncture was performed under general anaesthesia using ketamine (3 mg/kg body weight; Ursotamin ® , Serumwerk Bernburg, Bernburg, Germany) and xylacine (0.1 mg/kg body weight; Xylazin 2% Bernburg, Serumwerk Bernburg) and in dorsal recumbency [27] . Follicles that clearly protruded from the ovarian surface were measured by means of a tip-scaled atraumatic forceps and were subsequently punctured using a 17-gauge, doublelumen needle adjusted to a combined aspiration/ flushing system (Labotect, Göttingen, Germany) set at a negative pressure equivalent to a flow rate of 23 ml/min. Each follicle was repeatedly aspirated and flushed using HEPES buffered TCM 199 with Earle's salts, 0.1 mg/ml glutamine, 50 µg/ml gentamycine (Sigma Chemical Co., St. Louis, MO, USA), 2% heat inactivated bull serum, and 25 IU/ ml heparin (Na salt; equivalent to 250 µg/ml; Hoffmann-La Roche AG, Grenzach-Wyhlen, Germany). Aspirates were collected from >8 and 4-8 mm follicles into separate tubes.
In vitro procedures
The COCs were classified, according to the criteria reported previously [28] , into 4 grades. O n l y C O C s o f g r a d e s I a n d I I ( c o m p a c t multilayered cumulus investment and ooplasm completely homogeneous or with a slightly darker zone at the periphery of the oocyte) were used and pooled for follicles >8 and between 4-8 mm, respectively. Oocytes from same follicle size categories were always handled separately throughout the entire procedure. All chemicals were from Sigma Chemical Co. unless stated otherwise. One batch of serum was used, and this was collected from slaughtered bulls (aged approximately 18 months), heat inactivated by incubation for 30 min at 56 C in a water bath, sterilized by filtration using a 0.22 µm millipore filter, and stored at -18 C until use. The in vitro procedures employed were identical to those used p r e v i o u s l y [ 1 7 ] a n d w e r e p e r f o r m e d i n a humidified atmosphere (95%) at 38.5 C under 5% CO 2 in air. Briefly, COCs were matured in HEPES buffered TCM 199 with Earle's salts, 0.1 mg/ml glutamine, 50 µg/ml gentamycine, and 20% heat inactivated bull serum (culture medium, CM) in coculture with 3 to 5 × 10 6 granulosa cells/ml for 22-25 h. Granulosa cells were harvested from the respective aspirates and COCs were co-matured with granulosa cells derived from follicles of the corresponding size category.
Upon maturation, oocytes were partially denuded of cumulus cells by gently shaking in 3% sodium citrate in PBS [29] , twice washed (modified Tyrode's medium buffered with HEPES), and then transferred to 45 µl drops of modified Tyrode's medium (containing 40 µl/ml of a penicillaminehypotaurine-epinephrine solution) under mineral oil. Frozen-thawed semen from one bull with proven fertility in vitro was used throughout this study. Motile spermatozoa were selected by swimup in modified Tyrode's medium without Ca 2+ (capacitation medium, CapM) for 1 h, twice washed by centrifugation (500 × g for 10 min), capacitated in CapM containing 25 IU/ml heparin (Na salt; equivalent to 250 µg/ml; Hoffmann-La Roche AG) for 15 min, and inseminated into each fertilization drop to give a final concentration of 1 × 10 6 sperms/ ml. After 44-48 h of co-incubation, cleaved embryos were removed from the fertilization drops, gently pipetted to remove adherent cumulus cells and sperms, twice washed (medium similar to CM, but with 10% heat inactivated bull serum), and transferred to wells of 4-well tissue culture plates containing 200 µl CM per well and a bovine oviduct epithelial cell monolayer (prepared three days prior to the onset of embryo culture [29] ) under mineral oil. Culture was performed until day 7 postinsemination. Compact morulae and blastocysts were considered transferable embryos.
Embryo transfer, pregnancy examination, and maternity analysis
On day 7, fresh eEmbryos were transferred nonsurgically to virgin heifers. Heifers were synchronized by injecting them twice with 750 mg of the PGF 2α analogue tiaprost (Iliren ® C; Intervet International GmbH, Wiesbaden, Germany), given at an interval of 11 days. On day 20 after transfer, recipients were checked for pregnancy using ultrasonography, and repeatedly examined at intervals of approximately 14 days until day 96 to determine the viability of the embryos/fetuses. After birth, blood typing was performed for maternity analysis.
Statistical analysis
Statistical analysis was performed using SPSS (SPSS GmbH, Munich, Germany). Results were compared for the respective follicle size categories u s i n g t w o -t a i l e d P e a rs o n ' s χ s q u a r e t e s t . Significance is expressed as P<0.05.
Results
A total of 29 COCs were recovered (a mean of 3.2 COCs per calf per session; Table 1 ), and 21 COCs were found to be of grade I or II and cultured. The cleavage rate and rate of morulae and blastocysts on day 7 post-insemination did not differ between both follicle size categories. In total, two compact morulae and four blastocysts were produced (28.6%; a mean of 0.7 embryos per calf per session; Table 1 ) and transferred singly (four transfers) or as twins (one transfer). Transfer resulted in three pregnancies, one with an embryo coming from an oocyte derived from a follicle >8 mm and two with those from follicles between 4-8 mm. However, the pregnancy with the embryo belonging to the follicle size group >8 mm was nonviable as the fetus died between days 55 and 72 of pregnancy. Both of the other pregnancies produced the birth of two normal male calves at full term (284 days each). One calf was born by cesarean section (weight: 51 kg) and the other vaginally (weight: 44 kg). Using blood typing, two donor calves, aged 56 and 59 days, were identified as the dams. All donor calves became pregnant when inseminated one time (two donors) or three times (one donor) at around 15 months of age.
Discussion
In this study, similar embryo rates of 33.3 and 26.7%, respectively, were achieved on day 7 postinsemination using calf oocytes laparoscopically collected from follicles >8 and between 4-8 mm. In contrast, in a previous study it was demonstrated that the developmental competence of calf oocytes increases with follicular diameter, yielding embryo rates of 68.4 and 27.8%, respectively, on day 7 postinsemination with post mortem and ex vivo collected oocytes from follicles of the same size c a t e g o r i e s [ 1 7 ] . W h y t h is st u d y f a i l e d t o demonstrate such a relationship is not easily explained, since the in vitro procedures were almost identical between the two studies. However, since b o t h s t u d i e s u s e d u n d e f i n e d m e d i a ( i . e . supplemented with bull serum from different sources) and somatic cells, oocytes and embryos were probably exposed to different environmental conditions. This would support previous suggestions that culture conditions have a crucial effect on the outcome of calf embryos in vitro [15, 18, 30] . However, the total proportion of embryos on day 7 post-insemination was still higher than yielded in most other studies using oocytes from superstimulated calves of predominantly higher ages [4, 12, 22] , and this was only slightly lower than the proportion expected from adult cows [17] . Thus, superstimulation prior to oocyte collection is unnecessary to achieve a certain degree of viability, and oocytes from 2-3-month-old calves are not developmentally incompetent. Similar suggestions have been made previously [15] . However, in this study, the mean number of oocytes recovered and the mean number of transferable embryos produced per calf per session were low, indicating that superstimulation, known to increase the number of follicles available for oocyte collection [15, 20] , might nevertheless be necessary.
To our knowledge, this is the first report of offspring from non-stimulated donor calves at an age younger than two months. The results, therefore, demonstrate that embryos from very young and non-stimulated calves produced under our in vitro culture conditions are viable in terms of their ability to produce full-term pregnancies. This has been shown previously, but with older calves [16, 19] .
Both calves born were from oocytes recovered from follicles between 4-8 mm in size. Why embryos from oocytes from follicles >8 mm failed to establish full-term pregnancies cannot be explained, but should not be overestimated because of the low number of embryos transferred. However, the data suggests that once embryos have reached the compact morula stage, the follicle size becomes negligible and embryos seem to be equally competent for giving birth to mature calves. Further investigations are needed to produce a general conclusion.
Only the calf weighing 51 kg and born with caesarean section was found to be overweight, from an obstetrical point of view. Overweight offspring from in vitro produced calf embryos have been observed occasionally [19, 22] . However, whether there is a general tendency for higher birth weights using in vitro produced calf embryos similar to large calf syndrome in cows [31] is currently unknown.
All donor calves became pregnant after they had been repeatedly punctured, indicating that the laparoscopic oocyte recovery procedure had no adverse effects on subsequent fertility of the donors. A similar conclusion was drawn in a previous study using laparotomy for oocyte recovery [22] . I n c o n c l u s i o n , t h i s p r e l i m i n a r y s t u d y demonstrates that in vitro generated embryos derived from oocytes from non-stimulated calves at an age younger than two months are viable in terms of their ability to produce full-term pregnancies, and suggests that the viability of calf embryos is not related to follicle size.
